Background: To ascertain the population rates and proportion of late entry into HIV care, as well as to determine whether such late entry correlates with individual and contextual factors.
Background
The effectiveness of AIDS treatment programs is severely affected by the proportion of HIV-infected individuals who do not enter into clinical care in a timely manner (i.e., who enter late). This is because HIV-infected individuals who are under treatment are less likely to transmit the virus to others, not only because such individuals tend to adopt safe sex practices but also because the use of antiretroviral therapy (ART) can reduce the risk of sexual transmission of HIV by more than 90% [1, 2] . Late entry into care is also strongly associated with premature death among HIV-infected individuals [3] [4] [5] [6] [7] , accounting for approximately 40% of all AIDS-related deaths [8] . Late entry into HIV care also has negative consequences for health care systems, increasing costs due to the medications and highly complex procedures required in order to treat individuals who are in the advanced stages of HIV infection when they enter treatment [9, 10] . To minimize this problem, there have been numerous initiatives aimed at promoting early diagnosis and the initiation of clinical treatment in the early stages of infection [11] [12] [13] [14] [15] , particularly through encouraging voluntary testing [11, 13, 14] and by strengthening the cooperation between and among centers for the diagnosis and treatment of HIV-infected individuals [13, 14] . Nevertheless, the proportion of individuals who have sought treatment late remains high-over 30% in high income countries [16] [17] [18] [19] [20] [21] [22] [23] and over 70% in African countries [9, 24] . The main hindrances to the success of these initiatives are related to the individual [12, 13, 25, 26] , the social context [25] [26] [27] , and the way in which the health care services are organized [19, [28] [29] [30] .
Although differing in their methodological approaches [31] , studies of late entry into HIV care have provided, for different contexts, a broad range of estimates of the proportion of such late entry and have identified different associated risk factors [16, [19] [20] [21] [22] [23] 32] . Therefore, there is a need for further knowledge about the absolute risk of late entry, both at the population level and in social segments exposed to certain risk factors (such as advanced age, male gender, and a low level of local economic development). In low-and middle-income countries, the proportion of individuals entering HIV care late has often been evaluated on the basis of the time at which ART is initiated, rather than the actual time of entry into care [24, 33, 34] . This strategy has two drawbacks. First, it ignores the fact that other therapeutic and prophylactic interventions should be undertaken prior to the initiation of ART. Second, the criterion for starting ART has changed over time, and there is a trend toward earlier prescription of ART. Therefore, when late entry into care is defined by the initiation of ART, it is difficult to make comparisons over time and across studies.
In a recent study [8] , we evaluated data related to the overall population of HIV-infected individuals who entered care in Brazil between 2003 and 2006, estimating the proportion of individuals entering late into care and the impact that this has on the rates of AIDS mortality. In the present study, we sought to analyze the demographic and epidemiological characteristics related to late entry, estimating the absolute and relative risk, which we calculated for that population as a whole and for different social segments, using various clinical and immunological parameters. We have also analyzed the proportional contribution of different social segments to the total number of individuals entering late into HIV care in Brazil.
Methods
To analyze the general population of HIV-infected individuals (over 15 treatment provided via the public health care system and contextual information on municipalities. The coverage of these systems ranges from 62.3% (SINAN) to 83% (SIM/SISCEL), as described in our earlier study [8] , in which we also addressed the completeness of the data contained in the various databases.
To determine whether the databases employed included information on the maximum number of HIVinfected individuals entering into clinical treatment during the period under study, the SISCEL, SINAN, and SIM data were cross-referenced, by probabilistic record linkage, and the duplicate entries generated thereby were excluded [35] . The process of including cases in the study was described with a specific algorithm [8] . Cases in which data related to entry into care or mortality were incongruent were excluded from the analysis, as were those in which the initial CD4 + T-cell count was delayed by more than six months, which would have misrepresented the initial immunological status.
A case of late entry into HIV care was typically defined as one in which HIV infection was diagnosed at death, one in which HIV infection was diagnosed after the condition of the patient had already been aggravated by AIDS-related diseases, or one in which the CD4 + T-cell count was ≤ 200 cells/mm 3 at the time of diagnosis. Those were the standard criteria. In addition, we considered an extended set of criteria, in which the first two criteria were the same but the initial CD4 + T-cell count was ≤ 350 cells/mm 3 , as well as a stricter set, in which the first two criteria were the same but the initial CD4 + T-cell count was ≤ 100 cells/mm 3 . A case of HIV diagnosed at death was defined as a case in which the diagnosis was made within 20 days before death. The date of entry into care was defined as that of the earliest record found in any of the data sources. Data related to sex, age, and place of residence were collated into an analysis database, with the following hierarchy: SINAN, SIM, then SISCEL. The category of HIV transmission was obtained exclusively for AIDS cases reported to SINAN, because that information is not available in any of the other databases. We also analyzed contextual information (geopolitical region, HIV testing rate, and municipal population size), which were obtained from DATASUS.
Data were stratified by geopolitical region, because there are major differences among those regions in terms of human development, health care access, and trends in the AIDS epidemic. It has been shown that, in the northern and northeastern regions of Brazil, in comparison with the other regions of the country, there is a tendency toward an increase in the incidence of AIDS, the lowest per capita rates of medical visits, and the lowest per capita gross domestic product (GDP) [36] .
The rate of HIV testing was assessed at the municipal level as the number of enzyme-linked immunosorbent assay and rapid tests performed at public health care facilities per thousand population in 2008. Based on these data, the HIV testing rate was categorized as follows: low (≤ 1 HIV test/1,000 population); medium (between 1.01 and 10 HIV tests/1,000 population); or high (> 10 HIV tests/1,000 population). The municipalities were categorized by population: < 100,000 inhabitants; 100,000-499,999 inhabitants; or ≥ 500,000 inhabitants.
Five categories of HIV transmission were considered: through exclusively female-to-male sexual contact (in heterosexual men); through exclusively male-to-female sexual contact (in heterosexual women); through maleto-male or male-to-female sexual contact (in homosexual/bisexual men); through injection drug use; and through transfusion of blood or blood products. Individuals fitting more than one category of transmission were classified using the following hierarchy: recipients of blood transfusions; injection drug users; homosexual/ bisexual males; heterosexual individuals (males or females); and users of blood products.
The study protocol was approved by the Research Ethics Committee of the São Paulo State STD and AIDS Referral and Training Center, located in the city of São Paulo, Brazil. Because patient data were collected from the Brazilian Ministry of Health (NMH) national information systems and analyzed anonymously after the systems had been cross-referenced, informed consent was not necessary.
Data analysis
The proportion and population rates of late entry into HIV care were estimated for the standard, extended, and strict definitions. The distribution of those rates was examined by sex, age bracket, geopolitical region, and HIV testing rate. Population rates (per 100,000 population) were calculated on an annual basis, the denominator being the adult population at risk of late entry into HIV care. Individuals already under care at the beginning of a given year, and those in whom HIV had been diagnosed in a timely manner during that year, were not included in the annual denominator. The averages for the study period were used in the analyses.
Poisson regression with a log-link function was used in order to assess effect as risk ratios (RR) and the respective 95% confidence intervals (95% CIs), using the standard late entry criteria as the reference. Individual and contextual variables with a p < 0.05 were included in the model, whereas those with a p < 0.10 were excluded. The category of HIV transmission was analyzed with a separate Poisson regression model.
The impact of the changes in the scenario resulting from the application of the three different sets of criteria (standard, strict and extended) was examined by determining the differences in magnitude of the proportions and in the profile (demographic and epidemiological characteristics) of the individuals included under each set of criteria.
Results
We identified 115,369 HIV-infected individuals who entered into care in Brazil between 2003 and 2006. Of those individuals, 56.3% were male, 66.0% were between 30 and 59 years of age, and 50.7% resided in the southeastern region of the country ( Table 1 ). The annual number of new cases ranged from 24,487 (in 2003) to 31,941 (in 2005) , and the annual average number of new patients for the entire period was 28,842.
We excluded 18,638 (13.9%) cases in which the initial CD4 + T-cell count was obtained six months or more after entry into care, as well as 42 (0.03%) cases in which the information related to the date of entry into care was inconsistent. The demographic characteristics of the excluded cases were similar to those of the cases included in the analysis [8] .
Proportion and relative risk of late entry into HIV care
As can be seen in Table 1 , the overall proportion of late entry into HIV care, according to the standard criterion, was 43.6% (50,358 individuals) between 2003 and 2006. We detected a slight, but statistically significant, decrease between the first and last years of the period studied (from 43.5% to 41.6%, p < 0.001). Information on the HIV transmission category was available for 37,391 cases during the period under study.
Of those, 41.9% were in heterosexual women, 30.7% were in heterosexual men, 19.1% were in homosexual/bisexual men, 8.0% were in injection drug users, and 0.3% were in individuals who had received transfusions of blood or blood products (Table 1 ). The highest risk ratios were found for injection drug users (RR = 1.18, 95% CI: 1.15-1.22) and heterosexual men (RR = 1.17, 95% CI: 1.15-1.19). Marginal risk ratios were observed for being a homosexual/bisexual men (RR = 1.04; 95% CI: 1.02-1.07) and for having received a blood transfusion (RR = 1.15, 95% CI: 1.01-1.32).
As a corollary of the associations observed, the stratified analysis of the proportion of late entry into HIV care showed marked variation depending on the social segment analyzed ( Table 2 ). The lowest proportion (about half of the national average) was among women in the 15-29 year age bracket residing in the southern or southeastern region of the country. Among such women, the proportions were 20.2% for those residing in the southern region and 22.2% for those residing in the southeastern region. For individuals (of either sex) in the ≥ 60 year age bracket and residing in the northern, northeastern, and central-west regions of the country, the proportion was above 60%.
Population rate of late entry into HIV care
The average population rate of late entry into HIV care observed for Brazil as a whole was 9.9 cases/100,000 population (Table 3) . Regardless of sex and geopolitical region of residence, the average population rate was found to be highest among individuals in the 30-59 year age bracket (15.5 cases/100,000 population), in which it was 5.3 times higher than was that found for those in the ≥ 60 year age bracket (2.9/100,000 population).
The average population rates of late entry into HIV care tended to rise in parallel with regional increases in per capita GDP and in parallel with regional decreases in the incidence of AIDS. Consequently, the average rate was highest in the southern region (11.8/100,000 population) and lowest in the northeastern region (6.2/100,000 population.
The population rate of late entry into HIV care tended to decrease in parallel with that of HIV testing rates. This tendency was observed systematically in all of the social segments studied. In cities, where HIV testing rates are higher, the population rate of late entry into HIV care (12.1/100,000 population) was 22% higher than the national average. As a corollary of this population rate tendency, the largest proportions of individuals entering late into HIV care were in areas where the HIV testing rate was highest, were in the 30-59 year age bracket, were male, and resided in certain geopolitical (Figure 1 ).
Stricter and extended criteria
When late entry into HIV care was defined according to the stricter criterion ( reported cases) had met the criterion on the basis of the initial CD4 + T-cell count, and 14,457 (12.5% of all reported cases) were cases of diagnosis at death. Individuals in whom late entry was classified according to the stricter criterion accounted for 67.7% of those in whom it was classified according to the standard criterion. Among those in whom late entry was classified according to the stricter criterion, there was a predominance of men, individuals in the ≥ 60 year age bracket, and individuals residing in certain geopolitical regions (those with a lower GDP and an increasing incidence of AIDS).
When late entry into HIV care was defined according to the extended criterion ( Table 2) , there were 67,615 cases (58.6% of all reported cases). The proportions were highest among residents of the geopolitical regions with a lower GDP and an increasing incidence of AIDS, especially among men in the 30-59 year age bracket, as well as among men and women in the ≥ 60 year age bracket. In those social segments, the proportions were approximately 80% when the extended criterion was applied.
In comparison with late entry classified according to the standard criterion, the use of the extended criterion resulted in the inclusion of an additional 17,257 individuals (a 34.4% increase). The largest proportional increase (of over 70%) was observed among the population segments with the lowest proportion of late entry into HIV care when the standard criterion was applied, among which there was a predominance of women in the 15-29 year age bracket, especially in the geopolitical regions with a higher GDP and a decreasing incidence of AIDS.
When the stricter, standard, and extended criteria were compared in terms of the relative risk, the only differences observed were in the magnitude of the risk ratio, which trended discretely higher for the stricter criterion and discretely lower for the extended criterion. In addition, the categories presenting a marginal association when the standard criterion was applied lost their significance when the extended criterion was applied. That was especially true for the southeastern region, for municipalities with 100,000-499,999 inhabitants, and for being a homosexual/ bisexual man (Table 5) .
Discussion
Because the Brazilian information systems provide consistent data on cases of HIV infection, it has been possible to increase our knowledge of aspects that are rarely discussed in the literature. A particular concern is the lack of information regarding late entry into HIV care in middle-income countries. The results of the present study show that, in Brazil, at least 2 out of every 5 HIV-infected individuals entered late into care between 2003 and 2006. Of those, approximately 70% presented with severe clinical and immunological impairment, of whom approximately 30% were diagnosed only at death. In addition, the application of the extended criterion (i. e., the inclusion of individuals with an initial CD4 + T-cell count ≤ 350 cells/mm 3 ) increased the number of individuals entering late into HIV care by approximately one third. Therefore, approximately 6 out of every 10 HIVinfected individuals who entered into care in Brazil did so without having the opportunity to receive ART when it would have been most effective, resulting in less protection against new cases of infection in others and potentially higher nationwide rates of AIDS progression and mortality [1, 2, 8] . Such elevated rates could be responsible for the lack of advances in policies aimed at combating AIDS between 2000 and 2010, a period during which the absolute and relative numbers of AIDS cases increased [37] .
Taking as our point of reference the proportion of late entry into HIV care when the standard criterion was applied, we found that [18] . However, higher proportions have been reported for lowand middle-income countries. In a cohort study involving 36,000 patients in 12 countries [24] , the collective proportions were 77% for the countries in Africa, 78% for [38] . In Brazil, the reported proportion of late entry into HIV care has ranged from 42% in a nationwide study defining entry into care as the initiation of ART [34] to 68% in a study evaluating outpatients in the Brazilian state of Minas Gerais [33] . Comparisons across studies should be undertaken with caution, because different researchers adopt different definitions of late entry and evaluate different populations [31] .
It is of note that we have combined a population-based risk assessment (based on population rates of late entry into HIV care) with a relative risk assessment (based on proportions and risk ratios for such late entry). Using this approach, we obtained results that differ, in many aspects, from those reported in the literature [16, [19] [20] [21] [22] [23] 32, 38] . One such discrepancy is the fact that, when analyzing the population-based risk (assessed by late entry rate), we found that, for individuals in the 30-59 year age bracket residing in geopolitical regions with a higher GDP, a decreasing incidence of AIDS, and the highest HIV testing rates, the risk of late entry into HIV care was 35% higher than the national average, despite the lower relative risk and lower proportions of late entry found for that same group. Such individuals accounted for approximately 70% of the total number of cases of late entry in Brazil between 2003 and 2006. These results can be understood within the context of the fact that the population-based risk varied depending on the prevalence of HIV/AIDS within the country. Therefore, the geopolitical regions and social segments most affected by the epidemic [36] and in which the number of HIV-Infected individuals was highest tended to present the highest absolute risks and the highest numbers of cases of late entry into care, regardless of the proportion of late entry observed for those groups and regions. 
}
The categories of transmission were analyzed with a separate Poisson regression model, including the 37,391 individuals for whom information on transmission category was available. Control of confounding variables = region, HIV testing rate, and age. Population size was disregarded as a misleading variable as it did not show statistical significance in this regression model.
The advantage of using a approach in which the point of reference is the absolute risk is that it adds a public health perspective to the knowledge gathered to date regarding late entry into HIV care. If this new knowledge is applied, public policies designed to promote the early diagnosis of HIV infection will be more effective in reducing the number of cases of late entry into care, because they will prioritize the social segments and geopolitical regions in which the population rates of late entry are highest.
Analyses of relative risk (based on risk ratios) can facilitate the identification of social segments in which there are disproportionately large concentrations of cases of late entry into HIV care, as well as promoting the understanding of the factors that increase the probability of such late entry. Using such analyses, we observed that an increase in the proportion of late entry was independently associated with social differences (gender differences, generational differences, differences in sexual practices, and differences in terms of injection drug use), as well as contextual differences (related to the level of economic development and access to HIV testing at public health care facilities).
Our results, in terms of the social differences, are in agreement with those of studies conducted in other regions of the world [16, [19] [20] [21] [22] [23] 32] , which have reported that the probability of late entry into HIV care is highest among older individuals, men (especially heterosexual men), and injection drug users. These findings can be explained by the social and cultural aspects of the AIDS epidemic [13, 26] and by the barriers to health care access [18, 19, 27] . Therefore, late entry into HIV care tends to take on added importance in individuals who are not recognized as being at risk of HIV infection or who do not perceive themselves to be at such risk, such as older individuals [20, 21] ; individuals in whom the rates of treatment seeking are low, such as men [16, 38] ; and individuals who are socially marginalized, such as injection drug users [16, 19, 21] . In Brazil, this inequality is evidenced, in part, by HIV testing rates. In a homebased study conducted in Brazil in 2005 [39] , the social segments in which the HIV testing rate was found to be lowest among men (28%) and among individuals ≥ 45 years of age (21%), whereas that rate was above the national average (of 34%) among women (38%), especially among those in the 25-34 year age bracket (60%). This is primarily attributable to prenatal HIV testing. Among homosexual men, the HIV testing rate was found to be below 60% [39] .
In terms of the contextual factors analyzed, we found that a higher HIV testing rate translated to a lower proportion of late entry. This is underscored by the fact that, during the period evaluated, a 5% increase in the rates of HIV testing [40] was paralleled by the 4.6% reduction we observed in the proportion of late entry. That same relationship has been evaluated in studies investigating the effectiveness and cost-effectiveness of HIV testing [15, 41, 42] , which have also shown that an increase in the availability of HIV testing corresponds to a higher rate of timely diagnosis and longer life expectancy of HIV-infected individuals.
The differences observed among municipalities of different population sizes, in terms of the proportion of late entry into HIV care, might reflect differences in the ease of access to HIV diagnosis and treatment, which tends to be restricted in smaller municipalities, where there are fewer HIV testing centers, it is more difficult to guarantee anonymity, and the social stigma associated with AIDS is often greater.
The association found between late entry into HIV care and geopolitical region with a lower GDP/increasing incidence of AIDS might indicate a two-fold relationship: a lower level of economic development creates barriers to health care access, increasing the proportion of late entry, which is, in turn, a major cause of the increase in the rate of new cases of HIV infection. This possible vicious cycle is a challenge for health care policy makers, and the promotion of early diagnosis in such regions might be an inflection point for improving our control of the epidemic.
Another important aspect of the present study was the application of three different criterion for defining late entry into HIV care. This approach allowed us to depict entry into care at the various stages in the evolution of HIV infection. Some initiatives have attempted to achieve a consensus regarding late entry into HIV care, with the objectives of increasing comparability across studies and implementing strategies of epidemiological surveillance of such late entry. In one such initiative [31] , "late presentation" and "presentation with advanced HIV disease" were defined in a manner similar to that of the extended and standard criteria, respectively, employed in the present study. One advantage of using multiple criteria to define late entry was that it allowed us to characterize the contingent of HIV-infected individuals who are more likely to die because of such late entry, as occurred in nearly a third of those who were in the advanced stages of HIV infection upon entry into care. In addition, using multiple sets of criteria, we were able to highlight the potential lost opportunities to prevent new infections in others and to slow the advance of the AIDS epidemic, through the timely initiation of ART [1, 2] , as occurred in nearly a two thirds of all HIVinfected individuals who began to receive ART later than recommended. If we further extended the criterion to include individuals with CD4 + T-cell counts of 350-500 cells/mm 3 , the magnitude of these losses would be even greater, because the use of ART at that stage of infection could reduce sexual HIV transmission by 90% and the incidence of AIDS-related diseases by 40% [2] .
It is noteworthy that we found not substantial statistical differences between the use of each of these distinct criteria in terms of the individual and contextual factors that led to an increase in the proportion of late entry, whether analyzed on the basis of relative risk or on the basis of population rates. Therefore, it seems unnecessary to make major changes in the policies guidelines designed to promote timely access to the diagnosis and treatment of HIV infection specifically for individuals at a given clinical stage of infection.
The results we obtained by applying different sets of criteria for defining late entry in HIV care provide evidence of the need to establish precise parameters for access to ART, based on the stage of the infection, especially in countries where there are insufficient supplies of antiretroviral drugs, in order to achieve a balance between the benefits of early initiation of ART in asymptomatic individuals [2, 43, 44] and the logic of prioritizing the treatment of AIDS patients in whom the risk of death is elevated because of greater clinical and immunological severity [4, 6, 8] . Although the ability of ART to reduce the transmission of HIV is well known [1, 2] , it should be borne in mind that the principal objective of ART is to improve the quality of life of HIV-infected individuals. In addition, there is no consistent evidence that the HIV/AIDS epidemic can be controlled through biomedical interventions [45] .
The results obtained in the present study should be interpreted within the limits of its data and analysis, which were described in a previous study [8] , in which we also analyzed the potential effects of excluding individuals in whom CD4 + T-cell counts were not obtained within the first six months after diagnosis. One significant limitation of the present study is the use of secondary data, which should not be taken at face value. The categories of HIV transmission require cautious interpretation, because we analyzed only the patients who progressed to AIDS, who could have characteristics that are different from those of individuals in the earlier stages of the disease. The purpose of including transmission categories here was to compensate for the lack of such information in other studies, especially in those conducted in low-or middle-income countries. Nevertheless, this study allowed us a glimpse into the complexity of late entry into HIV care, considering different criteria of classification and risk assessment. The results indicate a need to strengthen policies for timely diagnosis of HIV infection and alert us to the fact that, without changes in the proportion of late entry into HIV care, the epidemic is likely to be aggravated in less developed regions and in those with limited access to health care.
